Dopa-responsive dystonia (DRD) was first reported in 1976 by Masaya Segawa and is characterized by childhood-onset dystonia, gait disturbance, rigidity, mild parkinsonism, diurnal fluctuations, and dramatic response to levodopa, among other symptoms \[[@b1-jmd-19069]\]. There exist both autosomal dominant and autosomal recessive forms of the disease, with the autosomal dominant being more frequent. Mutations in the gene encoding GTP cyclohydrolase (*GCH1*) are the most common etiology in the autosomal dominant form, while mutations of the gene encoding tyrosine hydroxylase (*TH*) are the most common cause of the autosomal recessive form. Both forms manifest similarly with the typical symptoms described above, although cases of atypical presentations of DRD have been reported \[[@b2-jmd-19069]\]. Patients usually respond well to levodopa and experience marked symptom improvement and even symptom resolution. Incomplete penetrance of *GCH1*-associated DRD has frequently been reported but is more frequently observed in males than in females, with an almost 100% penetrance rate in females \[[@b3-jmd-19069]\]. Here, we report a male patient with DRD caused by exon 1 deletion in the *GCH1* gene inherited from the asymptomatic mother, highlighting the complexity of the inheritance pattern of DRD. The study was approved by the DDC Clinic Center for Special Needs Children (DDC Clinic) Institutional Review Board, and written informed consent was obtained from each participant or their legal guardian.

CASE REPORT
===========

This patient was first presented to DDC Clinic in 2003 at the age of 5 years, with ongoing muscle weakness, urinary retention and incontinence, and constipation. His medical history prior to presentation was extensive. He was born full term after an uneventful pregnancy. He sat at 9 months but was unable to hold himself erect while sitting and would often slouch to the side or forward. He did not crawl and started walking at approximately 17 months. His parents described him as a "toe-walker" with a long history of frequent falls. At age 2, he developed chronic constipation requiring the use of laxatives to aid with bowel movements. He was also seen by a urologist for urinary retention and incontinence. At age 3, he continued to have difficulty using his legs and presented to pediatric neurologists for evaluation and workup. Although there were significant concerns about his gross motor development, his parents did not feel he had difficulty with cognitive or fine motor skills.

MRI of his brain and spinal cord at age 3 suggested a possible tethered spinal cord, and he underwent neurosurgery to release the tethered cord shortly afterwards. However, even with this procedure and extensive post-procedure physical therapy, his motor functioning remained unimproved, and he continued to have urinary symptoms along with constipation. He progressively worsened and lost endurance in standing and walking, and it would take some time for him to regain endurance after an acute illness. He also started to exhibit drooling and facial and upper body weakness and was relying on a wheelchair for his daily activities. A second MRI of his brain and spine was performed at age 5, which revealed a normal myelination pattern but detected syrinxes at C5--C7 and T4--T5. This finding, however, did not seem to explain his symptoms given his predominant lower extremity weakness. Family history was not significant, although the patient's mother reported that she was also a toe-walker as a child.

On exam, he was wheelchair-bound with decreased muscle tone and muscle weakness in all extremities, more prominent in the legs. His sensation was fully intact with normal deep tendon reflexes, and no dystonia was noted on examination. Routine hematological and biochemical assays, including creatine phosphokinase, were all within normal ranges. Karyotyping, chromosome microarray, and extensive genetic and metabolic workup, including spinal muscular atrophy-related genetic testing, histologic, and biochemical assays of the muscle biopsy, were all unremarkable.

Although he did not have the typical clinical profile of DRD, he was found to have notable diurnal fluctuation with alleviation of symptoms in the morning and aggravation of symptoms toward the evening even when he was 3 years old. He would be able to walk in the morning without his braces but slowly lost his strength as the day progressed. Near the end of the day, he would need assistance for sitting erect and eating his dinner. After repeatedly extensive workup without a definitive diagnosis, a levodopa trial to rule out DRD was proposed to the family. A low dose of levodopa (50 mg twice a day) was initiated at the age of 9 with a dramatic response. He was able to stand up from the wheelchair shortly after the trial started. He gradually regained motor skills and has remained symptom-free since. At the age of 21, he is able to participate in many sport activities, such as basketball, swimming and even cross country running, with a minimal increase in the dose of levodopa (a total of 125 mg a day) from its initiation.

Genetic analysis of the proband focusing specifically on the *GCH1* gene was performed retroactively. Genomic DNA isolated from peripheral blood was analyzed through whole-gene sequencing and array-based exon-level copy number variation analysis. No pathogenic variant was detected through DNA sequencing. Microarray analysis identified a large single copy deletion encompassing exon 1 ([Figure 1A](#f1-jmd-19069){ref-type="fig"}). Loss of the entire exon 1 is predicted to lead to a null allele of *GCH1*. Heterozygous deletions in the *GCH1* gene ranging from single exons to the whole gene have been reported previously in patients with DRD. This variant has not been observed in the control genomic variant databases. Based on the American College of Medical Genetics and Genomics (ACMG) standards and guidelines for the interpretation of sequence variants, it is classified as a pathogenic variant. Further DNA analysis revealed that this deletion was inherited from the mother of the proband ([Figure 1B](#f1-jmd-19069){ref-type="fig"}). The father and the unaffected sibling were negative for the deletion.

DISCUSSION
==========

DRD presents with a wide clinical spectrum but is typically associated with childhood-onset dystonia, gait disturbance, marked diurnal fluctuations with aggravation of symptoms in the evening and improvement with sleep or rest, and a dramatic and sustained response to low doses of L-dopa without motor fluctuations or dyskinesias as the hallmark of the disease \[[@b4-jmd-19069]\]. Symptom onset usually occurs between ages 1 and 12 years, with a mean age of 6 years. Dystonia usually starts in the lower extremities and gradually becomes generalized. Individuals generally have normal cognitive function with unaffected cerebellar, sensory, and autonomic function. The condition can often result in misdiagnosis for cerebral palsy, but these patients are typically unresponsive to a variety of modalities used for treatment of cerebral palsy \[[@b5-jmd-19069]\].

Early diagnosis and treatment of DRD is extremely rewarding, as the dramatic response to levodopa typically seen in most patients results in significant improvements not only in motor disturbances but also in psychiatric and even sleep symptoms. It is often a completely life-changing event. However, the diagnosis of DRD is challenging, particularly for patients with atypical presentations. The patient we presented here had no significant dystonia but showed other atypical presentations, such as decreased muscle tone, autonomic dysfunction with urinary retention, incontinence and constipation, which were seldom reported in previous cases. The case was further complicated by other possible neurological disorders, such as tethered spinal cord, which introduced additional challenges. A low-dose L-dopa trial here was key for our patient's diagnosis and might be considered in other similar cases. It is also interesting to note that urinary symptoms resolved soon after the initial L-dopa treatment was started in the patient, indirectly confirming these symptoms as being part of the disease. However, his constipation was not improved after levodopa treatment until he was in college, which allowed us to assume that constipation might not be a part of the DRD phenotype.

Although DRD caused by *GCH1* mutations is known to be inherited in an autosomal dominant fashion, the literature shows that the manifestation of this mutation can be quite variable. Previous observations have suggested female gender predominance among DRD patients, with a female to male ratio of 4.3:1; additionally, the extent of penetrance of *GCH1* mutations is 2.3 times higher in females than in males \[[@b6-jmd-19069]\], and one study even suggests almost complete penetrance in females \[[@b3-jmd-19069]\]. Additional literature has suggested that females exhibit classic DRD symptoms more frequently and earlier in life than males, while males appear more likely to have a milder phenotype or later disease onset \[[@b2-jmd-19069]\]. The aforementioned patient is unique, as he is an affected male with two unaffected parents. To our surprise, the asymptomatic mother was positive for the exon 1 deletion, which was passed onto the proband and caused the disease. Since the patient's maternal grandfather was deceased with no DNA available and the maternal grandmother was negative for the deletion, we were not able to determine if the mutation was inherited or de novo in the asymptomatic mother. However, we found the same heterozygous deletion in her genomic DNAs collected from her saliva and urine samples, indicating a broad tissue distribution and thereby reducing the possibility of mosaicism in the mother.

We present this unique case in which a female carrier is phenotypically asymptomatic for a disease that has been documented with almost 100% penetrance in females. To our knowledge, there have not been any reports to date describing an instance of an affected male inheriting a pathogenic variant from an asymptomatic mother, suggesting that the genetics underlying DRD remain complex and worthy of further study.
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